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TO: NHB/Scicntif ic & Technical Information Office 

FROM: GP-4/Office of Assistant General 

Counsel for Patent Matters 

SUBJECT: Announcement of NASA-Owned U.S. Patents in STAR 


In accordance with the procedures agreed upon by Code GP-4 
and Code NHB, the enclosed NASA-owned U.S. Patent is being 
forv/arded for abstracting and announcment in NASA STAR. 
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TRANSFORMER REGULATED SELF-STABILIZING 
CHOPPER 

Frank L» Raposa, Concord, Mass^ assignor to United 
Aircraft Corporation, East Hartford, Conn., a corpo- 
raSoB of Delaware 1 . 

Filed Sept 22, 1967, Ser. No. 669,911 
liit CL L'02m 3/10, 3/22; H02p 13/16 
U.&. CL 323—18 3 Claims 


ABSTRACT OF THE DISCLOSURE 

D.C. voltage regulation employing a series transistor 
rendered conductive during various portions of a cycle 
is controlled by saturation of an autotransformer. The 
constant volt-second capacity of the transformer provides 
conduction time inverse to the input voltage, whereby 
average output voltage is maintained constant. Conduc- 
tion commensed in response to short gate signals; resistor 
feedback for degenerative turn-off of the transistor after 
transformer saturation; and a standard output filter are 
included. 
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The invention described herein was made in the per- 
formance of work under an NASA contract and is subject 
tc the provisions of Section 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (77 
Sat 435; 42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 
Fi.;ld of invention 

This invention relates to voltage regulation, or D.C. 
to D.C. voltage converters, and mdrs particularly to volt- 
age regukuion under the control of a saturating trans- 
former 

Description of the prior art 

The art is replete with D.C. voltage regulators in which 
power conversion circuits possess capability to automa- 
ticalfy compensate for variations in input line volage. 
Recently, such devices hatfe used the constant volt-sec- 
ond capacity of a saturating transformer as a main con-r 
trol therefor. However, such devices have heretofore re- 
quired standard reference sources or reference diodes, 
etc, to contol the transformer. In order to simplify and 
to provide self-stabilization of D.C. voltage regulators, 
the elimination of comparative standards, such as -voltage 
limiting active or passive devices, is desirable. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an im- 
proved self-stabilizing voltage regulator. 

According to the present invention, the duty cycle of 
a series switch is under the complete control of a satur- 
ating transformer. In accordance with further aspects of 
the present invention, the series switch is momentarily 
turned on by gating signals, and the conduction thereof 
is thereafter controlled solely by the volt-second capacity 
of the transformer. 

The foregoing and other objects, features and advan- 
tages of the present invention will become more apparent 
in the light of the following detailed description of ?. 
preferred embodiment thereof as illustrated in the ac- 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. I is a schematic diagram of one embodiment of 
the present invention; and 

FIG. 2 is a simplified timing diagram illustrating oper- 
ation of the embodiment of FIG. 1. 


DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to FIG. 1, a pair of terminals 10, 11 are con- 
nected to a source of D.C. potential, variations in. the 
voltage of which are to be regulated by the circuitry of 
6 FIG. 1. A pair of terminals 12, 13 connect to the load 
. apparatus, at which the voltage is to be maintained con- 
stant with respect to variations in the source voltage. Aa 
output filter 14, including a diode, a series inductor, and 
a parallel capacitor, is connected across a load 12, 13 so 
10 as to filter tire power applied to the load, in a well-known 
manner. The nature and extent of the output filter 14 
forms no part of the present invention, any suitable filter- 
ing means for smoothing out the current and voltage ap- 
plied to the load 12,' 13 may be utilized in accordance 
15 with any one of a plethora of expedients known to the 
art 

Control over the average voltage applied to the output 
filter 14, and therefore voltage at the load terminals 12, 
13 is maintained by regulating the duty cycle of a series 
transistor switch 16. The series transistor switch 16 is 
controlled to conduct on a duty cycle basis, so that its 
conduction takes place in a series of cycles of substan- 
tially the same duration,, the portion of each cycle in 
which the transistor 16 conducts being inversely propor- 
" 5 tional to the voltage applied at the source terminals 10, 
11. Thus, as voltage at the source terminals 10, 11 in- 
creases, the transistor 16 will be conducting during a 
lesser portion of each cycle; on the other hand, if the 
3Q voltage applied at the source terminals 10, 11 decreases, 
then the transistor 16 will conduct for a greater portion 
of each cycle. The net result is that the average voltage 
applied to the load terminals 12, 13 through the filter 14 
will remain essentially constant. 

35 The length of time during which the transistor 16 will 
conduct is directly controlled by the volt-second capacity 
of a saturating transformer 18 Which will support voltage 
for a given length of time only, and will thereafter rep- 
resent essentially a short circuit, or negligible impedance, 
40 to current passing therethrough. The saturating trans- 
former 18 is connected from a point 20 at the output side 
of the transistor 16, through a first winding 22, thereof 
and a transistor 24 and a resistor 26 to the ground side 28 
of the D.C. power line. It is also connected from the point 
40 . 20 through a second winding 30 and another transistor 
32 through the resistor 26 to the ground line 28. 

Assuming momentarily that the transistor 16 is turned 
on, then line voltage appears between ibe point 20 and 
the ground line 28 and this voltage wdi be impressed 
50 across both windings 22, 30 of the transformer 18 in 
series with the resistor 26 and supplies collector voltage 
to both of the transistors 24, 32. If either of these tran- 
sistors are forwardly biased by the application of a 
positive potential to a respective base, then current will 
05 flow through a related one of the windings of the trans- 
former 18. With current flowing through one of the 
windings of transformer 18, and a potential drop being 
developed across that winding as a result of a rate of 
change of flux with respect to time, this potential may be 
60 picked off by either one of two resistor diode combina- 
tions 34, 36 by autotransformer action so as to supply 
base potential to !he transistor 16. Thus if transistor 24 
conducts there will be a plus to minus drop from point 
20 to the transistor 24; by autotransformer action, this 
65 will cause a plus to minus drop from network 36, through 
coil 30 to point 20. This base potential causes the tran- 
sistor 16 to be forwardly biased insuring that the tran- 
sistor 16 will be maintained in the ON condition and 
that the point 20 will be at line voltage with respect to 
70 the ground line 28. However, as current flows through 
one of the windings 22, 30, eventually the winding be- 
comes saturated so that there is no longer a potential 
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drop across the winding, all of the potential drop ap- 
pearing across the resistor 26 except for a small drop 
across a respective transistor 24, 32. With no potential 
drop across one of the windings 22, 30 then there is no 
potential between the point 20 which is connected to g 
the emitter of the transistpr 16 ana the base of the' 
transistor 16. Therefore, the transistor will then turn 
oil and disconnect the load terminal 12 as well as the 
point 20 from the source terminal 10. This provides a 
period with no power out of the load terminals 12, 13, jq 
which, when averaged with the period of time in which 
potential at source voltage is applied across the load ter- 
minals 12, 13, will supply as average D.C. voltage at the 
load terminals which mitigates the variations in source 
voltage. 15 

In order to initially achieve conduction in the transis- 
tor 16, so that the foregoing discussion will hold true, 
a pair of capacitor-diode-resistor connections 38, 40 
are used to couple a short pulse of positive voltage to 
the base of the transistor 16 at the start of each cycle. 20 
Each of the networks 38, 40 is a differentiator with di- 
ode isolation. These will turn the - transistor 16 ON 
momentarily, and once ON, conduction from the point 
20 through the transformer 18 and one of the transis- 
tors 24, 32, together with *he concurrent potential drop 25 
across one of the windings 22, 30 will maintain the tran- 
sistor 16 ON until the transformer 18 saturates. 

The timing control of the embodiment of FIG. 1 is 
supplied by a source of complementary, substantially 
square-wave signals, having a period which is appropri- 30 
ate for the duty cycle control of the transistor 16 in 
any given utilization of the present invention. This may 
take the form of a multivibrator 42 which has comple- 
mentary output signals, designated in FIG. 1 for con- 
venience as T (True) and C (Complementary), the 35 
multivibrator 42 being referenced with respict to the 
ground line 28 through a suitable connection 44. Re- 
ferring to FIG. 2 along with FIG. 1, at the start of any- 
given cycle, such as just before the True terminal of the 
multivibrator 42 goes positive, the transistor 16 will 40 
have previously been turned off, and there is no con- 
nection to the transformer 18 from the source terminal 
10. However, with the positive swing of the voltage at 
the True terminal of the multivibrator 42, a positive 
pulse will pass through the capacitor-diode-resistor net- 45 
work 40 thus applying a positive signal to the base of 
transistor 16. This will cause the transistor 16 to mo- 
mentarily conduct, so that line voltage appears at the 
terminal 20. At the same moment, the positive voltage is 
provided from the True terminal of the multivibrator 42 gg 
to the base of the transistor 24. Thus, the transistor 24 
is in a' condition to conduct as soon as collector voltage 
is applied thereto. As soon as the transistor 16 is turned 
on by the pulse from the capacitor-diode-resistor net- 
work 40, then potential is applied to the collector of the 55 
transistor 24 through the winding 22 of the transformer 
T8. With the build-up of current in winding 22, there is 
a potential drop developed between the point 20 and 
the resistor diode network 34 as a result of the build-up 
of flux within the coil 22. This potential is coupled by gg 
the resistor diode network 34 to the base of the tran- 
sistor 16 so that the potential is applied between the 
emitter and base of the transistor 16. As a result of this, 
the transistor 16 can now stay in a conducting condition 
as long as the potential drop maintains itself across the gg 
coil 22. Current flow at this time is from the point 20, 
through the coil 22, through the transistor 24 and resistor 
26 back to the ground line 28. As a result of current 
flowing through the coil 22, eventually the transformer 
18 becomes saturated, and by choosing a transformer 70 
having a substantially square hysteresis loop, this satu- 
ration can take place rather quickly. As a result of the 
saturation, the voltage between point 20 and ground line 
28 will be almost all dropped across the resistor 26, 
the transfer of voltage from coil 22 to resistor 26 being 75 
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rather rapid in dependence upon how square the hyster- 
esis loop of the transformer 18 is. At some point, the 
voltage coupled to the base of the transistor 16 by the 
resistor-diode network 34 is insufficient to maintain the 
transistor in a conducting condition, and the transistor 
will cease to conduct. This puts the circuitry back into a 
quiescent state where it will remain until such time as 
the Complementary (C) output of the multivibrator 42 
becomes positive. At this time the capacitor-diode-re- 
sistor network 38 wi'l cause a short pulse of positive 
potential to be applied to the base 16 of the transistor 
16, so that the transistor 16 will be forwardly biased and., 
commence conduction. At the same time, the Comple- 
mentary output of the multivibrator 42 supplies a posi- 
tive signal to the base of transistor 32, so that current 
will then flow from the point 20, through coil 30, tran- 
sistor 32 and resistor 26 to the ground line. As a result 
of this current build-up in the coil 30, a potential is de- 
veloped between the point 20 and the base of transistor 
16 which is coupled through the resistor diode network 
36. Thus, transistor 16 will be maintained in a conduct- 
ing condition for an additional half cycle until such 
time as the transformer IS :3 saturated so that no volt- 
age is developed across the coil 30; at this time, the tran- 
sistor 16 will again cease conduction. 

The choice of resistor 26 can be made in conjunction 
with the square-loop characteristic of the transformer 18. 
so that the turn-off' of the transistor 16 can be very rapid 
and closely controlled. 

The multivibrator 42 may comprise any one of a num- 
ber of well-known circuits available is the art, and its 
particular characteristics are not germane to the pres- 
ent invention. In feet, any suitable source of timing con- 
trol which will provide a starting pulse to the transistor 
16 and alternate control of conduction of the transistors 
24, 32 may be utilized. Additionally, the capacitor-diode- 
resistor networks 38, 40 are exemplary merely of ways 
in which short starting pulses may be applied to the base 
of the transistor 16: other suitable means may be pro- 
vided in accordance with the skill of the art. 

The embodiment of the invention shown in FIG. I 
includes push-pull control: that is, the transformer 18 
is center-tapped so as to provide two coils 22, 30 together 
with the use of two transistors 24, 32 and two sets of 
networks 34, 38 and 36, 40. However, it should be un- 
derstood by those skilled in the art that twe of but a 
single set of transistor, resistor-diode network and ca- 
pacitor-diode-resister network, together with a suitable 
wave shape in the controlling voltage will work equally 
well. For instance, any source of positive potential which 
momentarily disappears and then reappears may be 
utilized with, for instance, the capacitor-diode-resistor 
network 40, the transistor 24, coil 22, and resistor-diode 
network 34, so as to cause the turning on of the transistor 
16 during each cycle with the same apparatus. The choice 
of such an embodiment is left to the design skill of the 
artisan to suit the needs of any given implementation of 
the present invention. 

It is to be particularly noted that all power to the 
load is supplied directly from the source terminals 10. 
11 through the transistor 16 and the filter network 14 
to the load terminals 12, 13. No power is transferred 
by transformer action. All of the circuitry which is lo- 
cated in FIG. 1 below the ground line 28 comprises 
merely the controls for the duty cycle of the series tran- 
sistor switch 16. It is to be noted that the sole control 
herein is the saturation characteristic, that is the volt- 
second capacity, of the transformer 18. Even the partic- 
ular frequency for the multivibrator 42 is not critical, 
although a smoother and more satisfactory output voltage 
will be achieved provided the multivibrator period is 
chosen so that the transistor 16 is conducting almost 
all of the time at the lowest possible source voltage 10, 
11 and conducting over a substantial portion of the cycle 
even when the voltage applied to the source terminals 



